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(57) ABSTRACT

A display device includes: a similar gray level block detector
configured to detect a pixel data block in which a gray level
difference between a plurality of pixel data included in an
image signal is smaller than or equal to a threshold; a skin
tone detector configured to detect the pixel data block includ-
ing a skin tone; and a gamma processor configured to apply a
first gamma to a plurality of pixel data included in the pixel
data block when the pixel data block does not include the skin
tone and apply a second gamma to the plurality of pixel data
included in the pixel data block when the pixel data block
includes the skin tone.
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FIG. 3

4x4 pixel data block
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FIG. 4
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FIG. 6
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FIG. 8
4x4 pixel data block
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DISPLAY DEVICE AND DRIVING METHOD
THEREOF FOR IMPROVING SIDE
VISIBILITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0098010 filed in the
Korean Intellectual Property Office on Aug. 19, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

(a) Field

Embodiments of the inventive concept relates to a display
device and a driving method thereof, and more particularly, to
a display device and a driving method thereof capable of
improving side visibility.

(b) Description of the Related Art

A liquid crystal display is one of the widely used flat panel
displays currently, and includes two display panels on which
electric field generating electrodes such as a pixel electrode
and a common electrode are formed, and a liquid crystal layer
between the two display panels. An image is displayed by
applying a voltage to the electric field generating electrodes to
generate an electric field in the liquid crystal layer. The
applied voltage determines orientation of liquid crystal mol-
ecules of the liquid crystal layer through the generated elec-
tric field, and controls polarization of incident light.

Among liquid crystal displays, a vertically aligned mode
liquid crystal display of which a long axis of the liquid crystal
molecule is aligned to be orthogonal to the display panel in a
state where the electric field is not generated is widely used.

The vertically aligned mode liquid crystal display displays
an image having a desired gray level by controlling a slope of
the long axis of the liquid crystal molecule from a vertical
direction to a horizontal direction through the electric field.
While an image having a desired gray level is viewed at the
front of the vertically aligned mode liquid crystal display, an
image having an undesired gray level is viewed at the side of
the vertically aligned mode liquid crystal display because a
path of light pass through the liquid crystal molecule is dif-
ferent between a front view and a side view. That is, light
transmission at the side is lower than light transmission at the
front when an image having a high gray level is displayed in
the vertical aligned mode liquid crystal display, and the light
transmission at the side is higher than the light transmission at
the front when an image having a low gray level is displayed.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form a prior art.

SUMMARY

Embodiments of the inventive concept have been made in
an effort to provide a display device and a driving method
thereof capable of improving side visibility.

An exemplary embodiment of the inventive concept pro-
vides a display device including: a similar gray level block
detector configured to detect a pixel data block in which a
gray level difference between a plurality of pixel data
included in an image signal is smaller than or equal to a
threshold; a skin tone detector configured to detect the pixel
data block including a skin tone; and a gamma processor
configured to apply a first gamma to a plurality of pixel data
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included in the pixel data block when the pixel data block
does not include the skin tone and apply a second gamma to
the plurality of pixel data included in the pixel data block
when the pixel data block includes the skin tone.

The first gamma may be a single gamma including one
gamma.

The second gamma may be a multi gamma including a
plurality of gammas.

The gamma processor may apply different gammas to a
plurality of subpixel data included in each of the plurality of
pixel data when the pixel data block includes the skin tone.

The gamma processor may apply a plurality of different
first gammas to a plurality of subpixel data included in each of
the plurality of pixel data during odd frames and apply a
plurality of different second gammas to the plurality of sub-
pixel data included in each of the plurality of pixel during
even frames.

A product of the plurality of gammas may correspond to a
reference gamma value.

Each of the plurality of pixel data may include a red gray
level value, a green gray level value, and a blue gray level
value, and the skin tone detector may detect the pixel data
block as the pixel data block including the skin tone when the
red gray level value is larger than the green gray level value
and the red gray level value is larger than the green gray level
value.

The skin tone detector may multiply the green gray level
value and the blue gray level value by a predetermined cor-
rection parameter respectively and compare them with the red
gray level value.

The display device may further include an HSV color space
converter configured to convert an image signal to HSV data.

The skin tone detector may detect whether hue and satura-
tion is within a predetermined skin tone range in the HSV
data.

The skin tone detector may detect whether corresponding
pixel data include the skin tone based on whether or not a
color histogram of each of the plurality of pixel data is
included in a color distribution range indicating the skin tone.

The display device may further include a still image detec-
tor configured to compare an image of a previous frame and
an image of a current frame based on the image signal and
detect whether a current image is a still image or a moving
image.

When the current image is the still image, the gamma
processor may apply a first gamma to the plurality of pixel
data during odd frames and apply a second gamma to the
plurality of pixel data during even frames.

When the current image is the moving image, the gamma
processor applies different gammas to a plurality of subpixel
data included in each of the plurality of pixel data.

The display device may further include an edge detector
configured to detect an edge of an object having the skin tone
in the pixel data block. A gamma processor is configured to
apply one of a single gamma and a multi gamma to the pixel
data block having the skin tone.

Another exemplary embodiment of the inventive concept
provides a method of driving a display device, the method
including: detecting a pixel data block in which a gray level
difference between a plurality of pixel data included in an
image signal is equal to or smaller than a threshold; detecting
the pixel data block including a skin tone; applying a first
gamma to a plurality of pixel data included in the pixel data
block when the pixel data block does not include the skin
tone; and applying a second gamma to the plurality of pixel
data included in the pixel data block when the pixel data block
includes the skin tone.
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The applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel datablock
includes the skin tone may include applying different gam-
mas to a plurality subpixel data included in each of the plu-
rality of pixel data.

The applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel datablock
includes the skin tone may include applying a plurality of
different first gammas to the plurality of subpixel data
included in each of the plurality of pixel data during odd
frames and applying a plurality of different second gammas to
the plurality of subpixel data included in each of the plurality
of pixel data during even frames.

The applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel datablock
includes the skin tone may include applying the first gamma
to the plurality of subpixel data included in each of the plu-
rality of pixel data during odd frames and applying a second
gamma to the plurality of subpixel data included in each of the
plurality of pixel data during even frames.

The method may further include comparing an image of a
previous frame and an image of a current frame based on an
image signal and detecting whether a current image is a still
image or a moving image, wherein the applying the second
gamma to the plurality of pixel data included in the pixel data
block when the pixel data block includes the skin tone may
include applying the first gamma to the plurality of pixel data
during odd frames and applying the second gamma to the
plurality of pixel data during even frames when a current
image is a still image.

The applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel datablock
includes the skin tone may include applying different gam-
mas to a plurality of subpixel data included in each of the
plurality of pixel data when the current image is a moving
image.

The side visibility of the image can be improved by select-
ing a portion having low side visibility and applying a multi
gamma to the portion.

The side visibility can be more effectively improved by
distinguishing between cases where the image is a moving
image and the image is a still image and selectively applying
a space division multi gamma and a time division multi
gamma.

An optical viewing angle can be secured in a vertically
aligned mode liquid crystal display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a display device
according to an exemplary embodiment of the inventive con-
cept.

FIG. 2 is a block diagram illustrating a data processing
apparatus according to an exemplary embodiment of the
inventive concept.

FIG. 3is adiagram illustrating a method of selecting a pixel
data block in a data processing apparatus according to an
exemplary embodiment of the inventive concept.

FIG. 4 is a diagram illustrating a method of detecting an
edge of a portion having low side visibility in a data process-
ing apparatus according to an exemplary embodiment of the
inventive concept.

FIG. 5 is a diagram illustrating a method of detecting an
edge of a portion having low side visibility in a data process-
ing apparatus according to an exemplary embodiment of the
inventive concept.
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FIG. 6 is a diagram illustrating a method of applying a
single gamma according to an exemplary embodiment of the
inventive concept.

FIG. 7 is a diagram illustrating a method of applying a
space division quadruple gamma according to an exemplary
embodiment of the inventive concept.

FIG. 8 is a diagram illustrating a method of applying a
space division double gamma according to an exemplary
embodiment of the inventive concept.

FIG. 9 is a diagram illustrating a method of applying a time
division double gamma according to an exemplary embodi-
ment of the inventive concept.

FIG. 10 is a diagram illustrating a method of applying a
space and time division quadruple gamma according to an
exemplary embodiment of the inventive concept.

FIG. 11 is a diagram illustrating a data processing appara-
tus according to another exemplary embodiment of the inven-
tive concept.

FIG. 12 is a graph showing a result of experimenting on a
relation between a gray level and a liquid crystal driving
voltage by applying a single gamma.

FIG. 13 is a graph showing a result of experimenting on
front luminance and side luminance according to a gray level
by applying a single gamma.

FIG. 14 is a graph showing a result of experimenting on a
relation between a gray level and a liquid crystal driving
voltage by applying a space division double gamma.

FIG. 15 is a graph showing a result of experimenting on
front luminance and side luminance according to a gray level
by applying a space division double gamma.

FIG. 16 is a graph showing a result of experimenting on a
relation between a gray level and a liquid crystal driving
voltage by applying a space division quadruple gamma.

FIG. 17 is a graph showing a result of experimenting on
front luminance and side luminance according to a gray level
applying a space division quadruple gamma.

DETAILED DESCRIPTION

The inventive concept will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the inventive
concept.

Further, in exemplary embodiments, because like refer-
ence numerals designate like elements having the same con-
figuration, a first exemplary embodiment is representatively
described, and in other exemplary embodiments, only a con-
figuration different from the first exemplary embodiment will
be described.

The drawings and description are to be regarded as illus-
trative in nature and not restrictive. Like reference numerals
designate like elements throughout the specification.

Throughout this specification and the claims that follow,
when it is described that an element is “coupled” to another
element, the element may be “directly coupled” to the other
element or “electrically coupled” to the other element
through a third element. Further, in the specification, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

FIG. 1 is a block diagram illustrating a display device
according to an exemplary embodiment of the inventive con-
cept.
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Referring to FIG. 1, a display device includes a signal
controller 100, a scan driver 200, a data driver 300, a liquid
crystal panel assembly 400, and a data processing apparatus
500.

The liquid crystal panel assembly 400 includes a plurality
of pixels PX arranged approximately in a matrix form, a
plurality of scan lines S1 to Sn, and a plurality of data lines D1
to Dm. The plurality of pixels PX are connected to the plu-
rality of scan lines S1 to Sn and the plurality of data lines D1
to Dm respectively. The plurality of scan lines S1 to Sn extend
approximately in a row direction and thus are substantially
parallel to each other, and the plurality of data lines D1 to Dm
extend approximately in a column direction and thus are
substantially parallel to each other. At least one polarizer (not
shown) polarizing light is attached to an outer side of the
liquid crystal panel assembly 400.

The data processing apparatus 500 selectively applies a
single gamma, a double gamma, and a quadruple gamma to
images signals R, G, and B input from an external apparatus
to generate compensated image signals R', G', and B'. The
image signals R, G, and B contain luminance information on
the plurality of pixels. Luminance has the predetermined
number of gray levels, for example, 1024=2'°, =2% or 64=26
gray levels. The data processing apparatus 500 selects a por-
tion having low side visibility and applies multi gamma to the
portion having low side visibility to generate the compen-
sated image signals R', G, and B', thereby improving the side
visibility.

The signal controller 100 receives the compensated image
signals R', G', and B' from the data processing apparatus 500
and signals from the external apparatus. The signals includes
a data enable signal DE, a horizontal synchronization signal
Hsync, a vertical synchronization signal Vsync, and a main
clock signal MCLK.

The signal controller 100 generates a first driving control
signal CONT1, a second driving control signal CONT?2, and
image data DAT according to the compensated image signals
R', G', and B', the data enable signal DE, the horizontal
synchronization signal Hsync, the vertical synchronization
signal Vsync, and the main clock signal MCLK. The signal
controller 100 distinguishes the compensated image signals
R', G', and B' in the unit of frames according to the vertical
synchronization signal Vsync and distinguishes the compen-
sated image signals R', G', and B' in the unit of scan lines
according to the horizontal synchronization signal Hsync to
generate the image data DAT. The signal controller 100 trans-
mits the first driving control signal CONT1 to the scan driver
200. The signal controller 100 transmits the image data signal
DAT to the data driver 300 together with the second driving
control signal CONT2.

The scan driver 200 is connected to the plurality of scan
lines S1to Sn and generates a plurality of scan signals accord-
ing to the first driving control signal CONT1. The scan driver
200 may sequentially apply scan signals of a gate-on voltage
to the plurality of scan lines S1 to Sn.

The data driver 300 is connected to the plurality of data
lines D1 to Dm, samples and holds the image data DAT input
according to the second driving control signal CONT?2, and
transmits a plurality of data signals to the plurality of data
lines D1 to Dm. The data driver 300 applies data signals
having a predetermined voltage range to the plurality of data
lines D1 to Dm corresponding to the scan signals of the
gate-on voltage.

Each ofthe driving apparatuses 100, 200, 300, and 500 may
be directly mounted on the liquid crystal panel assembly 400
in at least one IC chip form, mounted on a flexible printed
circuit film, attached to the liquid crystal panel assembly 400
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in a tape carrier package (TCP) form, or mounted on a sepa-
rate printed circuit board. Alternatively, the driving appara-
tuses 100, 200, 300, and 500 may be integrated into the liquid
crystal panel assembly 400 together with the plurality of scan
lines S1 to Sn and the plurality of data lines D1 to Dm.

Hereinafter, the data processing apparatus 500 that selects
aportionhaving low side visibility and applies a multi gamma
to generate compensated image signals R', G', and B' will be
described.

FIG. 2 is a block diagram illustrating a data processing
apparatus according to an exemplary embodiment of the
inventive concept.

Referring to FIG. 2, the data processing apparatus 500
includes a similar gray level block detector 510, a skin tone
detector 520, an edge detector 530, a gamma processor 550,
and a still image detector 560. The gamma processor 550
includes a first gamma unit 551, a second gamma unit 552,
and a third gamma unit 553.

The similar gray level block detector 510 receives the
image signals R, G, and B and detects a pixel data block
having similar gray level values using the image signals R, G,
and B. The similar gray level detector 510 may detect a pixel
data block having similar gray level values by selecting an
NxN pixel data block from the image signals R, G, and B of
one frame and determining whether gray level differences
among a plurality of pixel data in the pixel data block is equal
to or smaller than a predetermined threshold. Alternatively,
the similar gray level block detector 510 may detect a pixel
data block having similar gray level values by calculating an
average gray level value of pixel data included in the NxN
pixel data block and determining whether a difference
between a gray level value of each pixel data and the average
gray level value is equal to or smaller than a predetermined
threshold. The gray level value of each pixel data is include in
the image signals R, G and B.

A size of the pixel data block may be variously determined
as necessary. For example, a 8x8 pixel data block, a 4x4 pixel
data block or the like may be selected.

Referring to FIG. 3, an example of selecting the 4x4 pixel
data block will be described. FIG. 3 is a diagram illustrating
a method of selecting a pixel data block in a data processing
apparatus according to an exemplary embodiment of the
inventive concept.

Referring to FIG. 3, the 4x4 pixel data block is selected
from the image signals R, G, and B of one frame. 16 pixel data
is included in the 4x4 pixel data block. Each pixel data
includes red, green, and blue subpixel data. That is, the pixel
data includes red subpixel data, green subpixel data, and blue
subpixel data. The pixel data may include more than three
subpixel data. The number of subpixel data in the pixel data
depends on the number of primary colors used to display an
image.

The similar gray level block detector 510 determines
whether a difference between gray level values of the red
subpixel data of the 16 pixel data is equal to or smaller than a
predetermined threshold, whether a difference between gray
level values of the green subpixel data of the 16 pixel data is
equal to or smaller than a predetermined threshold, and
whether a difference between gray level values of the blue
subpixel data of the 16 pixel data is equal to or smaller than a
predetermined threshold. When all of the difference between
the gray level values of the red subpixel data, the difference
between the gray level values of the green subpixel data, and
the difference ofthe gray level values of the blue subpixel data
are equal to or smaller than the predetermined threshold, the
similar gray level block detector 510 detects the 4x4 pixel
data block as a pixel data block having a similar gray level
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value. A plurality of pixel data included in the pixel data
block, which is determined as a pixel data block having a
similar gray level value, has pixel data displaying similar
colors. Referring back to FIG. 2, the similar gray level block
detector 510 transmits informations on the pixel data block
having the similar gray level values to the skin tone detector
520. The similar gray level block detector 510 transmits infor-
mations on a pixel data block which does not have the similar
gray level values, that is, informations on a pixel data block in
which a difference between gray level values of the pixel data
exceeds the threshold, to the edge detector 530. The similar
gray level block detector 510 may transmit informations on
the pixel data block which does not have the similar gray level
values to the skin tone detector 520 in order to determine
whether an edge portion detected by the edge detector 530 has
a skin tone.

The skin tone detector 520 detects a pixel having a skin
tone in the pixel data block. Usually, a viewer more focuses on
aperson or animal than a background in an image. A skin tone
of'the person or animal has lower side visibility in comparison
with other colors. The skin tone detector 520 detects a skin
tone having low side visibility. The skin tone refers to a color
having the low side visibility. Particularly, the skin tone may
refer to a skin tone of the person or animal.

The skin tone detector 520 may detect a pixel having a skin
tone by comparing gray level values of red, green, and blue
colors of the pixel data included in the pixel data block. For
example, when a red gray level value of the pixel data is larger
than a green gray level value and the red gray level value is
larger than a blue gray level value, the skin tone detector 520
may detect that the corresponding pixel data includes the skin
tone. Alternatively, the skin tone detector 520 may multiply
the green gray level value and the blue gray level value by a
predetermined correction parameter respectively and com-
pare them with the red gray level value. The correction param-
eter may be experimentally determined.

In another method of detecting a skin tone, the skin tone
detector 520 may use a color histogram of each pixel data. In
general, the color histogram shows distributions of gray lev-
els of the red, green, and blue colors. The skin tone detector
520 has a color distribution range indicating a skin tone in the
color histogram and may detect the skin tone according to
whether each color histogram of the pixel data is included in
the color distribution range. The color distribution range indi-
cating the skin tone may be experimentally determined. The
skin tone detector 520 may detect a pixel data finally indicat-
ing the skin tone by passing the pixel data of which the color
histogram is included in the color distribution range through
a low pass filter.

If the pixel data block is a pixel data block having similar
gray level values and one pixel data included in the pixel data
block includes a skin tone, it may be considered that all pixel
data included in the pixel data block includes the skin tone.

If the pixel data block is a pixel data block which does not
have similar gray level values, the skin tone detector 520 may
detect each of the skin tones of the pixel data included in the
pixel data block and transmit information on the pixel data to
the edge detector 530.

The skin tone detector 520 transmits information on the
pixel data block which does not include the skin tone to the
first gamma unit 551 and transmits information on the pixel
data block indicating the skin tone to the second gamma unit
552.

The edge detector 530 detects an edge of an object having
the skin tone from the pixel data block. The pixel data block
which does not have the similar gray level value may not
include the skin tone, but may include a boundary between an
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object having the skin tone and another object. That is, the
edge detector 530 detects a boundary between an object hav-
ing the skin tone and another object. That is, the edge detector
520 may receive information on the pixel data including the
skin tone from the skin tone detector 520, and perform a
process of detecting the object only when the pixel data
including the skin tone is included in the pixel data block.

The edge detector 530 may detect an edge of the object
having the skin tone by using an edge detection filter. The
edge detector 530 may detect the edge ofthe objecthaving the
skin tone by using an NxN edge detection filter correspond-
ing to an NxN pixel data block. Alternatively, the edge detec-
tor 530 may detect the edge having the skin tone by using an
nxn edge detection filter having a size smaller than the NxN
pixel data block.

For example, an 8x8 edge detection filter may be used for
an 8x8 pixel data block or a 4x4 edge detection filter may be
used for the 8x8 pixel data block. Alternatively, a 3x3 pixel
data block is selected from the 4x4 pixel data block, and then
a 3x3 edge detection filter may be used for the selected 3x3
pixel data block.

An example of using the 3x3 edge detection filter for the
33 pixel data block will be described with reference to FIGS.
4 and 5.

FIGS. 4 and 5 are block diagrams illustrating a method of
detecting an edge of a portion having low side visibility in a
data processing apparatus according to an exemplary
embodiment of the inventive concept.

Referring to FIG. 4, the 3x3 pixel data block is multiplied
by the 3x3 edge detection filter. The 3x3 edge detection filter
includes a positive scale coefficient and a negative scale coef-
ficient. The positive scale coefficient is 12 and the negative
scale coefficient is —2.

The positive scale coefficient is located at the second row
and second column corresponding to a center of the 3x3 edge
detection filter. The negative scale coefficients are located at
the first row and the third row of the 3x3 edge detection filter.
An overall sum of the positive scale coefficient and the nega-
tive scale coefficients is O.

A sum of the pixel data is calculated after multiplying scale
coefficients corresponding to the pixel data included in the
3x3 pixel data block. In general, a gray level value of the
object having the skin tone is larger than gray level values of
other objects. When the edge of the object having the skin
tone is located at the first row or third row ofthe 3x3 pixel data
block, the sum of the pixel data multiplied by the scale coef-
ficient has a negative value. When the sum of'the pixel data is
smaller than a predetermined negative threshold, it may be
determined that the corresponding pixel data block includes
edges in a row direction.

Referring to FIG. 5, unlike FIG. 4, the negative scale coef-
ficients are located at the first column and the third column of
the 3x3 edge detection filter in a column direction. When an
edge of the object having the skin tone is located at the first
column or third column of the 3x3 pixel data block, a sum of
the pixel data multiplied by the scale coefficient has a negative
value. When the sum of the pixel data has a value smaller than
apredetermined negative threshold, it may be determined that
the corresponding pixel data block includes the edges in the
column direction.

Four 3x3 pixel data blocks may be extracted from the 4x4
pixel data block, and the edge of the object having the skin
tone may be detected by applying the 3x3 edge detection filter
to each of the four 3x3 pixel data blocks. That is, four edge
detection processes may be performed for one 4x4 pixel data
block, thereby increasing accuracy of the edge detection.
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FIGS. 4 and 5 are only one example of the edge detection
filter, and do not limit a size of the edge detection filter and the
scale coefficient included in the edge detection filter. The size
of the edge detection filter and the scale coefficient included
in the edge detection filter may be variously determined. That
is, the edge detector 530 may detect the edge of the object
having the skin tone by using various types of edge detection
filters.

Referring back to FIG. 2, the edge detector 530 transmits
information on the pixel data block including the edge of the
object having the skin tone to the third gamma unit 553 and
transmits information on the pixel data block which does not
include the edge of the object having the skin tone to the first
gamma unit 551.

The first gamma unit 551 applies a single gamma or a time
division double gamma to the pixel data block. The single
gamma may be 2.2 which is a reference gamma. The time
division double gamma includes a first gamma applied to odd
frames and a second gamma applied to even frames. The first
gamma and the second gamma have different gamma values.
A product of the first gamma and the second gamma may be
2.2 which is the reference gamma. Information on a pixel data
block input into the first gamma unit 551 is information on the
pixel data block which does not include the skin tone among
the pixel data blocks having the similar gray level value and
information on a pixel data block which does not include the
edge of the object having the skin tone among the pixel data
blocks which do not have the similar gray level values. The
single gamma is applied to the pixel data block which does
not have the skin tone in the image.

The second gamma unit 552 applies a multi gamma to the
pixel data block. The multi gamma includes a space division
multi gamma and a time division multi gamma. For example,
the multi gamma may include a space division double
gamma, a space division quadruple gamma, a space and time
division double gamma, and a space and time division qua-
druple gamma. Information on a pixel data block input into
the second gamma unit 552 is the information on the pixel
data block including the skin tone and having the similar gray
level values throughout the pixel data block. The multi
gamma is applied to the pixel data block of the skin tone in the
image

The third gamma unit 553 applies the single gamma or the
multi gamma to the pixel data block. Information on a pixel
data block input into the third gamma unit 553 is the infor-
mation on the pixel data block including the edge of the object
having the skin tone and having different gray level values in
the pixel data block. The single gamma or the multi gamma is
applied to the edge of the skin tone.

The first gamma unit 551, the second gamma unit 552 and
the third gamma unit may be included in a gamma unit.

The still image detector 560 receives image signals R, G,
and B and compares an image of a previous frame and an
image of a current frame based on the image signals R, G, and
B s0 as to detect whether the current image is a still image or
a moving image. When image signals R, G, and B of the
previous frame are the same as image signals R, G, and B of
the current frame, the image of the current frame is deter-
mined as the still image. When the image signals R, G, and B
of the previous frame are different from the image signals R,
G, and B of the current frame, the image of the current frame
is determined as the moving image.

The still image detector 560 transmits still image informa-
tion and moving image information to the gamma processor
550. The gamma processor 550 may apply the time division
multi gamma when the still image information is received,
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and apply the space division multi gamma when the moving
image information is received.

That is, when the still image information is received, the
first gamma unit 551 may apply the single gamma or time
division double gamma, the second gamma unit 552 may
apply the time division multi gamma, and the third gamma
unit 553 may apply the single gamma or time division multi
gamma.

When the moving image information is received, the first
gamma unit 551 may apply the single gamma, the second
gamma unit 552 may apply the space division multi gamma,
and third gamma unit 553 may apply the single gamma or
space division multi gamma.

If the space division gamma is applied to the still image,
viewers may perceive that a resolution is lowered especially
when a viewing distance is very close to the display. However,
by applying the time division multi gamma, the side visibility
can be improved without deteriorating the resolution.

If the time division gamma is applied to the moving image,
the visibility may be lowered due to slow response time of the
liquid crystal. By applying the space division multi gamma,
the visibility deterioration due to the slow response time of
the liquid crystal can be improved.

Information on the pixel data block to which the single
gamma or the multi gamma is applied by the gamma proces-
sor 550 is output as compensated image signals R', G', and B".

Hereinafter, an example in which the single gamma and the
multi gamma are applied to the pixel data block will be
described with reference to FIGS. 6 to 11. Hereinafter, refer-
ence numerals a, b, ¢, and d indicating the gammas are to
distinguish between different gammas. The same reference
numbers in a same exemplary embodiment may refer to the
same gamma value and the same reference numbers in a
different exemplary embodiment may not refer to the same
gamma value.

FIG. 6 is a diagram illustrating a method of applying the
single gamma according to an exemplary embodiment of the
inventive concept.

Referring to FIG. 6, a case where a single gamma a is
applied to all pixel data included in the 4x4 pixel data block is
illustrated. The single gamma a is applied to each of a red
subpixel data, a green subpixel data, and a blue subpixel data
included in the each pixel data. The single gamma a may be
2.2 which is the reference gamma.

FIG. 7 is a diagram illustrating a method of applying the
space division quadruple gamma according to an exemplary
embodiment of the inventive concept.

Referring to FIG. 7, when a plurality of pixel data included
in the 4x4 pixel data block is divided into 2x2 pixel data
blocks, four pixel data is included in the 2x2 pixel data blocks.
Each of the four pixel data includes the red subpixel data, the
green subpixel data, and the blue subpixel data. In the 2x2
pixel data block, a first gamma a and a third gamma ¢ are
applied to the pixel data in a first column, and a second
gamma b and a fourth gamma d are applied to the pixel data
in a second column.

In this case, each of the first to fourth gammas a, b, ¢, and
d is applied to the corresponding subpixel data respectively.
The first gamma a is applied to subpixel data adjacent to the
subpixel data to which the third gamma c is applied, and the
third gamma c is applied to subpixel data adjacent to the
subpixel data to which the first gamma a is applied. The
second gamma b is applied to subpixel data adjacent to the
subpixel data to which the fourth gamma d is applied, and the
fourth gamma d is applied to subpixel data adjacent to the
subpixel data to which the second gamma b is applied.
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The first to fourth gammas a, b, ¢, and d have different
gamma values, and a product of the first to fourth gammas
may be 2.2 which is the reference gamma. For example, the
first gamma may be 0.275, the second gamma may be 1, the
third gamma may be 2, and the fourth gamma may be 4.
Values of the first to fourth gammas a, b, ¢, and d may be
variously determined within a range in which the product of
the first to fourth gammas is 2.2 which is the reference
gamma.

In such a way, the first to fourth gammas a, b, ¢, and d are
applied to each of the subpixel data at every frame.

FIG. 8 is a diagram illustrating a method of applying the
space division double gamma according to an exemplary
embodiment of the inventive concept.

Referring to FIG. 8, when a plurality of pixel data included
in the 4x4 pixel data block is divided into 2x2 pixel data
blocks, a first gamma a and a third gamma c are applied to the
2x2 pixel data blocks.

In this case, each of the first gamma a and the third gamma
c is applied to the corresponding subpixel data respectively.
The first gamma a is applied to subpixel data adjacent to the
subpixel data to which the third gamma c is applied, and the
third gamma c is applied to subpixel data adjacent to the
subpixel to which the first gamma a is applied.

The first gamma a and the third gamma ¢ have different
gamma values, and a product of the first gamma a and the
third gamma ¢ may be 2.2 which is the reference gamma. For
example, the first gamma may be 0.55, and the third gamma
may be 4. Values of the first gamma a and the third gamma ¢
may be variously determined within a range in which the
product of the first gamma and the third gamma is 2.2 which
is the reference gamma.

In such a way, the first gamma a and the third gamma c are
applied to each of the subpixel data at every frame.

FIG. 9 is a block diagram illustrating a method of applying
the time division double gamma according to an exemplary
embodiment of the inventive concept.

Referring to FIG. 9, all pixels included in the 4x4 pixel data
block are applied with same gamma during the same frame.
For example, a first gamma a is applied to all pixels included
in the 4x4 pixel data block during odd frames and a fourth
gamma d is applied to all pixels included in the 4x4 pixel data
block during even frames. That is, the first gamma a is applied
to each ofared subpixel data, a green subpixel data, and a blue
subpixel data included in the 4x4 pixel data block during the
odd frames, and the fourth gamma d is applied to each ofared
subpixel data, a green subpixel data, and a blue subpixel data
included in the 4x4 pixel data block during the even frames.

The first gamma a and the fourth gamma d have different
gamma values, and a product of the first gamma and the fourth
gamma may be 2.2 which is the reference gamma. For
example, the first gamma may be 0.55 and the fourth gamma
may be 4. Values of the first gamma a and the fourth gamma
d may be variously determined within a range in which the
product of the first gamma and the fourth gamma is 2.2 which
is the reference gamma.

As described above, different gammas are applied to each
of the subpixel data between the adjacent frames. That is,
different gammas are applied to each of the subpixel data
alternately.

FIG. 10 is a block diagram illustrating a method of apply-
ing the space and time division quadruple gamma according
to an exemplary embodiment of the inventive concept.

Referring to FIG. 10, when a plurality of pixel data
included in the 4x4 pixel data block is divided into 2x2 pixel
data blocks, a first gamma a and a third gamma c are applied
to the 2x2 pixel data blocks during odd frames and a second
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gamma b and a fourth gamma d are applied to the 2x2 pixel
data blocks during even frames. That is, the first gamma a and
the third gamma c are applied to the pixel dataduting the odd
frames and the second gamma b and the fourth gamma d are
applied to the pixel data during the even frames.

In this case, the first gamma a is applied to subpixel data
adjacent to the subpixel data to which the third gamma c is
applied, and the third gamma c is applied to subpixel data
adjacent to the subpixel data to which the first gamma a is
applied. The second gamma b is applied to subpixel data
adjacent to the subpixel data to which the fourth gamma d is
applied, and the fourth gamma d is applied to subpixel data
adjacent to the subpixel data to which the second gamma b is
applied.

The first to fourth gammas a, b, ¢, and d have different
gamma values, and a product of the first to fourth gammas
may be 2.2 which is the reference gamma. Values of the first
to fourth gammas a, b, ¢, and d may be variously determined
within a range in which the product of the first to fourth
gammas is 2.2 which is the reference gamma.

Table 1 shows a combination of the single gamma and the
multi gamma applicable by the first gamma unit 551, the
second gamma unit 552, and the third gamma unit 553.

TABLE 1

First gamma unit
(portions other

Third gamma unit

Second gamma unit  (skin tone edge

Combination than skin tone) (skin tone portion)  portion)
1 As(3,4) Bs(1, 2) As or Bs
2 A(3) Bs(1, 2) AorBs
3 A4) Bs(1, 2, 3,4) AorBs
or Cs(1, 3)
4 Ast(1,4) Bst(1, 2, 3,4) Ast or Bst
5 Ast(2, 3) Bst(1,4) Ast or Bst
6 AQ2) Bst(1,4) A or Bst
7 A(l) Bst(1, 2, 3,4) A or Bst
or Cst(1, 3)
In Table 1, A denotes a single gamma, As, Bs, and Cs
denote a space division gamma, and Ast and Bst denote a

space and time division gamma. As(3,4) and Bs(1,2) mean
applying the space division gamma by using two gammas. In
this case, As(3,4) and Bs(1,2) mean applying different gam-
mas. Bs(1,2,3,4) means applying the space division gamma
by using four gammas. Ast(1,4) means applying the space and
time division gamma by using two gammas. Bst(1,2,3.4)
means applying the space and time division gamma by using
four gammas. Ast(2,3) and Bst(1,4) mean applying the space
and time division gamma by sing two gammas, and the gam-
mas used in Ast(2,3) and the gammas in Bst(1,4) are different
from each other.

As described, in applying the single gamma and the multi
gamma, the space division and time division gammas may be
applied in various ways. Although not described in the above
example, another combination can be apparently derived
from the above described combinations.

FIG. 11 is a block diagram illustrating a data processing
apparatus according to another exemplary embodiment of the
inventive concept.

Compared to FIG. 2, the data processing apparatus 500
further includes an HSV color space converter 540.

The HSV color space converter 540 receives image signals
R, G, and B and converts the image signals R, G, and B to
HSV data. The HSV data is data representing a color with
hue, saturation, and value (brightness). The image signals R,
G, and B are RGB data representing gray levels of red, green,
and blue. A method of converting the RGB data to the HSV
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data may use a well known transformation matrix. A detailed
description thereof will be omitted.

The HSV color space converter 540 transmits the HSV data
to the skin tone detector 520.

The skin tone detector 520 detects whether hue and satu-
ration are within a predetermined skin tone range in the HSV
data. That is, the skin tone detector 520 detects whether
j<Hue<k, I<Saturation<m in the HSV data. Here, j, k,1,and m
denote skin tone range parameters to detect the skin tone and
may be experimentally determined.

When the hue and the saturation are within the predeter-
mined skin tone range in the HSV data, the skin tone detector
520 may determine that pixel data corresponding to the HSV
data includes the skin tone. Alternatively, when the hue and
the saturation are within the predetermined skin tone range in
the HSV data, a red gray level of the pixel data corresponding
to the HSV data is larger than a green gray level, and the red
gray level is larger than a blue gray level, the skin tone
detector 520 may detect that the corresponding pixel data
includes the skin tone.

Since the other components are the same as those described
through FIG. 2, detailed descriptions thereof will be omitted.

Hereinafter, a result of an experiment of measuring an
effect in which side visibility is improved when the single
gamma, the space division double gamma, and the space
division quadruple gamma are applied will be described with
reference to FIGS. 12 to 17. By using image signals R, G, and
B of 64 gray levels, a relation between a gray level and a liquid
crystal driving voltage, and front luminance and side lumi-
nance according to the gray level are measured.

FIG. 12 is a graph showing a result of experimenting on the
relation between the gray level and the liquid crystal driving
voltage by using the single gamma. FIG. 13 is a graph show-
ing a result of measuring front luminance and side luminance
according to the gray level by using the single gamma.

Referring to FIGS. 12 and 13, a single gamma Vd_A is 2.2
which is the reference gamma. It is noted that the gray level
increases as the liquid crystal driving voltage increases.

If the single gamma Vd_A is applied, as the gray level
increases, the front luminance increases substantially the
same rate as a luminance rate according to the reference
gamma 2.2 increases. In contrast, the side luminance is higher
than the luminance according to the reference gamma 2.2 in
low gray levels. That is, there is a difference between the side
luminance and the front luminance. A difference in the lumi-
nance rates of the side luminance and the front luminance is
39.2%.

FIG. 14 is a graph showing a result of experimentation on
arelation between the gray level and the liquid crystal driving
voltage by using the space division double gamma. FIG. 15 is
a graph showing a result of experimentation on front lumi-
nance rate and side luminance rate according to the gray level
by using the space division double gamma.

Referring to FIGS. 14 and 15, if a first gamma Vd-A and a
second gamma Vd-B are determined such that a product of the
first gamma Vd_A and the second gamma Vd_B becomes 2.2
which is the reference gamma, as the liquid crystal driving
voltage increases, a gray level according to the first gamma
Vd_A and a gray level according to the second gamma Vd_B
increase in different ways.

When the space division double gamma, which spatially
divides and applies the first gamma Vd_A and the second
gamma Vd_B to the spatially divided pixels respectfully, is
applied, the front luminance increase rate is substantially the
same as a luminance increase rate of the reference gamma2.2.
In contrast, the side luminance rate is higher than the lumi-
nance rate of the reference gamma 2.2 in low gray levels. A
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difference between the luminance rates of the side luminance
and the front luminance is 23.2%.

FIG. 16 is a graph showing a result of experimentation on
arelation between the gray level and the liquid crystal driving
voltage by using the space division quadruple gamma. FIG.
17 is a graph showing a result of measuring front luminance
rate and side luminance rate according to the gray level by
using the space division quadruple gamma.

Referring to FIGS. 16 and 17, if a first gamma Vd_A, a
second gamma Vd_B, a third gamma Vd_C, and a fourth
gamma Vd_D are determined such that a product of the first
gamma Vd_A, the second gamma Vd_B, the third gamma
Vd_C, and the fourth gamma Vd_D becomes the reference
gamma 2.2, a gray level according to the first gamma Vd_A,
a gray level according to the second gamma Vd_B, a gray
level according to the third gamma Vd_C, and a gray level
according to the fourth gamma Vd_D increase in different
ways.

If the space division quadruple gamma, which spatially
divides and applies the first gamma Vd_A, the second gamma
Vd_B, the third gamma Vd_C, and the fourth gamma Vd_D,
is applied, as the gray level increases, the front luminance
increase rate is substantially the same as a luminance increase
rate of the reference gamma 2.2. The side luminance rate is
slightly higher than the luminance rate of the reference
gamma 2.2. A difference between the luminance rates of the
side luminance and the front luminance is 17.1%.

As described in FIGS. 12 to 17, the difference between the
luminance rates of the side luminance and the front lumi-
nance may be reduced by using the double gamma. The
difference between the luminance rates of the side luminance
and the front luminance may be further reduced by using the
quadruple gamma. In comparison with the case where the
single gamma is applied, the difference between the lumi-
nancerates of the side luminance rate and the front luminance
rate is reduced by 22.1% in the case where the quadruple
gamma is applied, thereby improving the side visibility due to
the reduction of the difference in the luminance rates.

The referred drawings and the detailed description of the
inventive concept are only an example of the inventive con-
cept and merely used for the purpose of describing the inven-
tive concept and should not be used to limit the meaning or the
scope of the inventive concept stated in the claims. Accord-
ingly, it is understood by those skilled in the art that various
modifications and other equivalent exemplary embodiments
are possible. Therefore, the true technical protection range of
the inventive concept should be determined by the technical
spirit of the claims.

What is claimed is:

1. A display device comprising:

a similar gray level block detector configured to detect a

pixel data block in which a gray level difference between
a plurality of pixel data included in an image signal is
smaller than or equal to a threshold;

a skin tone detector configured to detect the pixel data

block including a skin tone; and

a gamma processor configured to apply a first gamma to a

plurality of pixel data included in the pixel data block
when the pixel data block does not include the skin tone
and apply a second gamma to the plurality of pixel data
included in the pixel data block when the pixel data
block includes the skin tone.

2. The display device of claim 1, wherein:

the first gamma is a single gamma including one gamma.

3. The display device of claim 2, wherein:

the second gamma is a multi gamma including a plurality

of gammas.



US 9,368,055 B2

15

4. The display device of claim 3, wherein:

the gamma processor applies different gammas to a plural-
ity of subpixel data included in each of the plurality of
pixel data when the pixel data block includes the skin
tone.

5. The display device of claim 3, wherein:

the gamma processor applies a plurality of different first
gammas to a plurality of subpixel data included in each
of the plurality of pixel data during odd frames and
applies a plurality of different second gammas to the
plurality of subpixel data included in each of the plural-
ity of pixel data during even frames.

6. The display device of claim 3, wherein:

a product of the plurality of gammas corresponds to a
reference gamma value.

7. The display device of claim 1, wherein:

each of the plurality of pixel data includes a red gray level
value, a green gray level value, and a blue gray level
value, and

the skin tone detector detects the pixel data block as the
pixel data block including the skin tone when the red
gray level value is larger than the green gray level value
and the red gray level value is larger than the green gray
level value.

8. The display device of claim 7, wherein:

the skin tone detector multiplies the green gray level value
and the blue gray level value by a predetermined correc-
tion parameter respectively and compares them with the
red gray level value.

9. The display device of claim 7, further comprising

an HSV color space converter configured to convert an
image signal to HSV data,

wherein the skin tone detector detects whether hue and
saturation is within a predetermined skin tone range in
the HSV data.

10. The display device of claim 1, wherein:

the skin tone detector detects whether corresponding pixel
data includes the skin tone based on whether or not a
color histogram of each of the plurality of pixel data is
included in a color distribution range indicating the skin
tone.

11. The display device of claim 1, further comprising

a still image detector configured to compare an image of a
previous frame and an image of a current frame based on
the image signal and detect whether a current image is a
still image or a moving image.

12. The display device of claim 11, wherein:

when the current image is the still image, the gamma pro-
cessor applies a first gamma to the plurality of pixel data
during odd frames and applies a second gamma to the
plurality of pixel data during even frames.

13. The display device of claim 11, wherein:

when the current image is the moving image, the gamma
processor applies different gammas to a plurality of
subpixel data included in each of the plurality of pixel
data.

14. The display device of claim 1, further comprising:

an edge detector configured to detect an edge of an object
having the skin tone in the pixel data block,

wherein a gamma processor is configured to apply one of a
single gamma and a multi gamma to the pixel data block-
having the skin tone.

16

15. A method of driving a display device, comprising:
detecting a pixel data block in which a gray level difference
between a plurality of pixel data included in an image
signal is equal to or smaller than a threshold;
5 detecting the pixel data block including a skin tone;
applying a first gamma to a plurality of pixel data included
in the pixel data block when the pixel data block does not
include the skin tone; and
applying a second gamma to the plurality of pixel data
included in the pixel data block when the pixel data
block includes the skin tone.
16. The method of driving a display device of claim 15,
wherein:
the applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel data
block includes the skin tone comprises
applying different gammas to a plurality subpixel data
included in each of the plurality of pixel data.
17. The method of driving a display device of claim 15,
wherein:
the applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel data
block includes the skin tone comprises
applying a plurality of different first gammas to the plural-
ity of subpixel data included in each of the plurality of
pixel data during odd frames and applying a plurality of
different second gammas to the plurality of subpixel data
included in each of the plurality of pixel data during even
frames.
18. The method of driving a display device of claim 15,
wherein:
the applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel data
block includes the skin tone comprises
applying the first gamma to the plurality of subpixel data
included in each of the plurality of pixel data during odd
frames and applying the second gamma to the plurality
of subpixel data included in each of the plurality of pixel
data during even frames.
19. The method of driving a display device of claim 15,
further comprising:
comparing an image of a previous frame and an image of a
current frame based on an image signal and detecting
whether a current image is a still image or a moving
image,
wherein the applying the second gamma to the plurality of
pixel data included in the pixel data block when the pixel
data block includes the skin tone comprises
applying the first gamma to the plurality of pixel data
during odd frames and applying the second gamma to
the plurality of pixel data during even frames when a
current image is a still image.
20. The method of driving a display device of claim 19,
wherein:
the applying the second gamma to the plurality of pixel
data included in the pixel data block when the pixel data
block includes the skin tone comprises
applying different gammas to a plurality of subpixel data
included in each of the plurality of pixel data when the
current image is a moving image.
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